Introduction
The hypermodified ureidoadenine nucleoside N 6[((9-ß-D-ribofuranosyl-9 H-purine-6-yl)amino)-carbonyl]-L-threonine (t6 A d o ) (5) belongs to the group of modified nucleosides that are 3'-adjacent to the anticodon in transfer ribonucleic acids (tRNA) and that are responsible for a correct codon-anticodon recognition in protein biosynthe sis Takemura et al., 1969; Parthasarathy et al., 1974; Sprinzl and Gauß, 1983) . In addition to this cellular function linked to biopolymers, biological activities of the modi fied nucleosides have been described that are re lated to their monomeric structure (Hong, 1973; Kuo, 1990a, 1990b) . Like othermainly m ethylated ribonucleosides -t6 A d o (5) is one of those compounds that have been detected as products of the cellular RNA and ribonucleo tide metabolism in body fluids such as, e.g., urine (Gehrke and Kuo, 1990b; Chheda et al., 1969; Chheda, 1969; Waalkes et al., 1975; G ehrke et al., 1979; Borek et al., 1983; Schlimme et al., 1987; Kuo et al., 1987; Thomale and Nass, 1982; Schlimme et al., 1986) , blood (Gehrke and Kuo, 1989; Mitchell et al., 1992) and milk hagen and Schlimme, 1992) . The concentrations of a num ber of modified ribonucleosides including t6 A d o (5) in urine are greater for patients with neoplastic diseases than for healthy subjects, sug gesting the use of those molecules as markers in clinical diagnosis (Gehrke and Kuo, 1990 b; Borek et al., 1983; Schwarzenau et al., 1990; .
O f the 4 stereoisomers of 2-amino-3-hydroxybutyric acid only L-threonine has been detected so far as a substituent in ureidoadenine nucleosides as a naturally occurring com ponent (5). The syn thesis of ureidopurines and their nucleosides in cluding 5 and its isomeric component (9) bearing D-threonine as side chain moiety have been de scribed (Hong and Chheda, 1973) . The present paper is the first report on the preparation of the isomeric ureidoadenine nucleosides (7,11) bearing L-allo-and D-allo-threonine as side chain moieties and indicates the importance of the activated ureidoadenine nucleoside 3 for the detection by liquid chromatography of amino-functional sub stances in biological matrices.
Materials and Methods
UV spectra: Kontron Uvikon 860 spectropho tom eter, software version 8832 Kontron. 'H NMR and 13C NM R spectra: Bruker AC 250, Bruker AM X 500; 6-values relative to tetramethylsilane 0939-5075/94/1100-0834 $ 06.00 © 1994 Verlag der Zeitschrift für Naturforschung. All rights reserved. The two-column HPLC system used allows selective separation and analysis of ribonucleosides from the reaction mixture and the biolog ical matrix and has been previously described Schlimme et al., 1991; Boos et al., 1986) . Thin layer chromatography (TLC): (a) aluminium foil with silica gel 60 F254, layer thickness 0.2 mm (Merck, Darm stadt). Chromatography systems (I; II) used: acetic acid ethyl ester/methanol I (96:4, v/v); dichloromethane/methanol II (6:4, v/v). Column chromatography was carried out with silica gel 60 (230-400 mesh ASTM; Merck) as stationary phase and with a dichloromethane/ methanol gradient ( 100:0 -> 0 : 100); for com pound 3 an acetic acid ethyl ester/methanol gra dient (100:0 -> 96:4) was used. The fractions were collected (fraction collector LKB 2211 Superrac), and the UV absorption measured with a UV detector (LKB 2238 Uvicord S II) with recorder (LKB 2210 R ecorder 2-Channel). Chem icals used were from Merck (D arm stadt) and Sigma-Chemie (München).
Chemical syntheses
Preparation o f 2',3',5'-tri-O-acetyl-ß-D-ribofuranosyl adenine (2): 936 mg (3.50 mmol) of adeno sine 1 were added to 4 ml of dry pyridine, mixed with 4 ml acetic acid anhydride and stirred for 5 h at room tem perature. Subsequently, pyridine and excess acetic acid anhydride were removed by rotary evaporation (water bath tem perature 55 °C). To remove pyridine traces the viscous reac tion mixture was mixed with 30 ml toluene, and evaporated to dryness. This procedure was re peated. The acetylated product (2) ester (3): 14.6 g (37.1 mmol) of triacylated adeno sine (2) were dissolved in 200 ml of dry pyri dine and cooled to -1 5 °C with an acetone/dry ice mixture. To the pyridine solution 10.7 ml (112.35 mmol) of chloroformic acid ethyl ester (at -1 5 °C) were added dropwise within 30 min. Stirring was continued at this tem perature, for 1 h 10 min prior to removal of the acetone/dry ice coolant and further stirring overnight. A fter evap oration of pyridine in vacuo a brown reaction mix ture was obtained. This was mixed with 50 ml toluene, which was removed by rotary evaporation (water bath tem perature 40 °C). This procedure was carried out three times to remove pyridine traces. After column chromatographic purification on silica gel with an acetic acid ethyl ester/m eth anol gradient ( 
Preparation o f N6-[((9-ß-D-ribofuranosyl-9 Hpurine-6-yl)amino)carbonyl]-L-threonine (5):
160 mg (0.33 mmol) of triacetylated adenosine ure thane 3 were dissolved in 11 ml of dry pyridine, 116.4 mg (0.98 mmol) L-threonine were added and the suspension was stirred prior to heating under reflux for 5 h 15 min. Excess L-threonine was then removed by filtration and the pale-yellow solution evaporated to dryness on the rotary evaporator (water bath tem perature 60 °C). To remove pyri dine traces from the resulting yellow oil 20 ml toluene were added, evaporated to dryness in vacuo, and the procedure repeated. The almost colourless product 4 was deacetylated by dissolv ing it in 9.5 ml of a 4.5 mol/1 solution of ammonia in methanol and stirring for 2 h at room tem pera ture. A fter removal of the methanolic ammonia in vacuo the crude product was dissolved in m eth anol and 5 separated and purified by column chro matography on silica gel (27x3 cm) with a dichlorom ethane/m ethanol gradient (100:0 -> 0:100). 
Preparation o f N 6-[((9-ß-D-ribofuranosyl-9H-purine-6-yl)amino)carbonyl]-L-allo-threonine (7):
170 mg (0.37 mmol) of triacetylated adenosine urethane 3 were dissolved in 11 ml of dry pyridine 100 mg (0.84 mmol) of L-allo-threonine were added and the suspension stirred prior to heating under reflux for 6 h. Excess L-allo-threonine was removed by filtration and the solution evaporated on a rotary evaporator (water bath tem perature 60 °C). To remove pyridine traces the resulting pale-yellow oil was diluted with 15 ml toluene, evaporated to dryness in vacuo, then the proce dure was repeated. The light-brown product 6 was deacetylated by dissolving it in 9.5 ml of a 4.5 mol/1 solution of ammonia in m ethanol and stirring for 2 h at room tem perature. A fter removal of ammonia with a rotary evaporator and evapo ration in vacuo a pale-yellow solid was obtained. The crude product was dissolved in a small amount of methanol and 7 separated and purified by column chromatography on silica gel (27x3 cm) with a dichlorom ethane/methanol gradient (100:0 -> 0:100). Fractions containing 7 were evaporated to dryness to give a colourless crystalline substance. Yield: 87.3 mg (58.0%). (9): 140 mg (0.28 mmol) of triacetylated adenosine ure thane 3 were dissolved in 10 ml of dry pyridine, 101.9 mg (0.86 mmol) D-threonine were added and the suspension heated under reflux for 5 h. Excess D-threonine was removed by filtration and the fil trate concentrated with a rotary evaporator (water bath tem perature 55 °C). To remove pyridine traces the brown oil obtained was mixed with 15 ml toluene and evaporated to dryness in vacuo; this procedure was carried out 3 times. The crude product 8 was deacetylated by dissolving it in 8 ml of a 4.5 mol/1 solution of ammonia in methanol and stirring for 2 h at room tem perature. A fter re moval of ammonia by rotary evaporation and evaporation in vacuo (Speedvac) a light-brown oil was obtained. The crude product was dissolved in m ethanol and 9 separated and purified by column chromatography on silica gel (27x3 cm) with a dichlorom ethane/methanol gradient (100:0 -> 0:100). Fractions containing 9 were evaporated to dryness to give a fine crystalline colourless solid substance. Yield: 81.5 mg (70.6%). 
Preparation o f N6-[((9-ß-D-ribofuranosyl-9 Hpurine-6-yl)amino)carbonyl]-D-threonine

Preparation o f N6-[((9-ß-D-ribofuranosyl-9 Hpurine-6-yl)amino)carbonyl-D-allo-threonine (11):
170 mg (0.37 mmol) of triacetylated adenosine urethane 3 were dissolved in 11 ml of dry pyridine. 100 mg (0.84 mmol) of D-allo-threonine were added and the suspension was stirred prior to heating under reflux for 6 h. Excess D-allo-threo nine was removed by filtration and the filtrate concentrated by rotary evaporation (water bath tem perature 65 °C). To remove pyridine traces the brown oil was mixed with 15 ml toluene and evap orated to dryness in vacuo. This procedure was re peated. The crude product 10 was deacetylated by dissolving it in 9.5 ml of a 4.5 mol/1 solution of ammonia in methanol and stirring for 2 h at room tem perature. The resulting light-brown solution was concentrated in vacuo to give a brown oil. The crude product was dissolved in methanol and 11 separated and purified by column chromatography on silica gel (27x3 cm) with a dichlorom ethane/ methanol gradient (100:0 -> 0:100). 
Results and Discussion
Syntheses of the ureidoadenine nucleosides 7 and 11, which are isomers of the naturally occur ring t6 A d o (5) have not yet been described. As expected, a comparison of the spectroscopic data of the ureido nucleosides of all 4 stereoisomers of threonine shows almost identical chemical shifts for the adenine protons 2-H and 8-H, for the ribosidic protons l'-H , 2'-H , 3'-H , 4'-H and 5'-H, as well as for the hydroxyl protons at the 2'-, 3'-and 5 '-positions, because the different stereochemical information is related to the amino acid side chain only. The C 8 and C2 protons of all ureidoadenine ribonucleosides (3, 5, 7, 9, 11) are shifted downfield of the corresponding signals in adenosine. For all aforem entioned 5 compounds 8-H is shifted by approximately 0.3 ppm. whereas the 2-H is shifted up to 0.5 ppm. A fter N 6-p-chlorobenzoylation of the adenine base a similar downfield shift of the 8-H signal was observed, whereas the downfield shift of the 2-H signal was much smaller (Michels and Schlimme, 1982) than that of the ureidoade nine nucleosides described in this paper. In ac cordance with the 'H NM R results, downfield shifts were observed in the 13C NMR m easure ments of the ribosidic and base carbon atoms C-2, C-4, C-5, C-6 and C-8 of com pounds 5, 7, 9 and 11. Table II presents the 'H NM R signals of the ure ido group protons of the com pounds 5, 7, 9, 11. In the L-and D-stereoisomers 5 and 9 the ureido pro tons generate 2 separate absorption signals so that the protons of the amido linkages to the adenine and to the threonyl groups can be distinguished. In both compounds the resonance H-signals of the threonyl amido groups are shifted downfield by about 0.11 ppm relative to the H-signals of the N6-amido group of the adenosine moiety. The protons of the ureido group of both allo-stereoisomers 7 and 11 appear as multiplets. The slight dif ferences in both the chemical shift and the cou pling constants of the threonyl methyl groups of all 4 ureido nucleosides allow the allo-isomers 7 and 11 to be clearly distinguished from the com pounds 5 and 9.
In the 13C NM R m easurem ents (Table III) between the ß-hydroxy group and the carbamoyl group.
In aqueous medium at pH 6.6 and 12.0, how ever, the UV spectra of all 4 ureido nucleosides 5, 7, 9 and 11 show an intense absorption peak at 269 nm with a shoulder at 276 nm, and at pH 1.5 an absorption maximum at 276 nm with a shoulder at 270.5 nm. The similarities of UV spectra of the 4 diastereoisomeric ureido nucleosides prove clearly that the carbam oyl-substituted adenine base chrom ophore is not influenced by the interaction be tween the allo-threonyl residue and the ureido group discussed above. Therefore interaction be tween the purine system and the amino acid side chain has no influence on UV absorption.
The identical UV absorption behaviour of the discussed 4 stereoisomeric ureidoadenine nucleo sides confirms results published (Hong et al., 1973) concerning UV-spectroscopic properties of differ ent N 6-carbamoyl adenosine compounds. The mass spectra of 7 and 11 (electron impact ionization) show molecular peaks of weak inten sity at m/e 412. The base peak of 11 is caused by carbon dioxide; the corresponding mass peak at m/e 366.9, generated by loss of carbon dioxide, and the mass peak at m/e 456, which results from bind ing of cleaved carbon dioxide, both support this finding. The [M+ + 2H ] peaks are not observed for the allo-ureido nucleosides 7 and 11.
The preparative work resulted in smaller yields of 7 and 11 than of the l-and D-compounds 5 and 9 (Table IV) . 3-fold m olar excesses of the appro priate amino acids were used for syntheses of 5 and 9 while 2.3-fold m olar excesses were used for synthesizing 7 and 11. It is therefore more likely that steric reasons, e.g., the spatial proximity of the ß-hydroxy group to the attacking nucleophilic a-am ino group, cause the smaller yield of the alloconfigurated ureido nucleosides rather than the slight difference in amino acid excess. In the elementary analyses of 5, 7, 9 and 11, the amounts of carbon found were generally smaller than expected. Liquid chromatographic analysis of the 4 ureido nucleosides detected no impurities which may influence the result of the elem entary analyses. Therefore, it is likely that the crystalline substances may have incorporated water of crys tallization. Finally, it should be m entioned that triacetylated adenosine urethane 3 is not only a suitable inter m ediate product for the synthesis of ureidoade nine ribonucleosides, but presents itself as a "scav enger molecule" for the conversion to ureido nucleosides of substances containing amino groups in biological material -e.g., with com ponents of the so-called non-protein-nitrogen fraction of milk. Here, the ds-diol group of the "scavenger molecule" can be used for chemoselective sepa ration of the ureido nucleosides formed on the pre-column while the ureidoadenine part of the structure serves as a chrom ophore for the UV de tection of the ureido nucleosides separated on the analytical column of the two-column HPLC ana lyzer used Boos et al., 1986; Martin, 1994) .
